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(54) Data protection method using decryption key concealed in compliant mark 



(57) A recording apparatus is constructed for 
encrypting data using a key and issuing a compliant 
mark for authenticating the data, in the recording appa- 
ratus, an encrypting section encrypts the data with the 
key before recording of the data such that the key is 
required to decrypt the data when the recorded data is 
to be reproduced by a player machine. An encoding 
section adds an error correction code to the encrypted 
data to form a data block such that the encrypted data 
can be made free of a noise by an error correction proc- 
ess of the data block using the error correction code 
when the encrypted data is to be reproduced by the 



player machine. A writing section writes secret informa- 
tion containing the key and the compliant mark over the 
data block in the form of a noise such that the secret 
information containing the key and the compliant mark 
can be separated from the encrypted data by the error 
correction process performed by the player machine, 
thereby allowing the player machine to use the key to 
decrypt the encrypted data only if the player machine 
can detect the compliant mark from the separated 
noise. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to 
encryption and decryption methods for effectively pre- 
venting non-complying recording and reproduction in 
CD, DVD, DAT, MD, and broadcast-type media (CS). 
[0002] Conventionally, for copyright protection of 
the above-mentioned music and video media, various 
methods have been proposed such as digital water- 
marking, cross authentication, and encryption. How- 
ever, each of these methods alone cannot achieve 
sufficient copyright protection. For technologies related 
to these methods, the use of a compliant mark and the 
encryption of a signal have been proposed. If there is 
means for informing that data on a certain recording 
medium has been recorded with a compliant recorder, a 
compliant reproducing machine can reject any disc 
recorded in a non -compliant manner. For this means, 
the compliant mark is used. The signal encryption 
method is a generally practiced technique for prohibiting 
reproduction on non-compliant equipment. The follow- 
ing further describes these two copy protection meth- 
ods. 

(1) Compliant mark 

[0003] As the recording density of data to be 
recorded on a recording medium increases, there are 
more chances of erroneous writing of signal on the 
recording medium and erroneous reading of signals 
therefrom. To remove these problems, recording media 
generally use an error correction system called ECC 
(Error Correction Code) in which a code signal for error 
correction is added to recorded data. This system inher- 
ently has data redundancy. Therefore, cross authentica- 
tion information key can be placed in this redundant 
portion. In the system thus configured, writing of secret 
data over recording (or transmitting) signals makes 
these signals all errors. When the signals overwritten 
with the secret data are reproduced (or received) and 
compliant error processing is executed on them, these 
signals added with the secret data are all corrected 
while the secret data is removed. These secret data can 
be separated during the error correction processing, 
and none of these data appear in the corrected output 
signals. Thus, secret data can be transmitted as con- 
cealed information, which is invisible to the outside. 
Therefore, this secret data can be used as a compliant 
mark. To be more specific, if a given machine by which 
a recording medium has been recorded is authenticated 
from a compliant content provider, a symbol for authen- 
tication is included in the signal to be recorded or trans- 
mitted as the secret data. At reproduction of the signal, 
this symbol is detected and the content signal is repro- 
duced (or received) if the symbol is found authenticated. 
If not, the reproduction (or reception) is discontinued to 



prevent the non-compliant disc from distributing. 
(2) Encryption 

5 [0004] It is also considered that, when recording (or 
transmitting) data on a recording medium, the data is 
encrypted by a key such that only a compliant reproduc- 
ing machine (or a receiver machine) can reproduce (or 
receive) the data. This technique is very effective for 

io content protection, but presents a problem of how to 
transmit the key for decrypting the data. If this key is 
transmitted along with the data in the same medium, the 
key is easily discovered and cracked. Therefore, when 
this technique is used in a closed system, the key is 

75 sent over a route different from that for the data, thereby 
making it impossible to break the key. 
[0005] The authentication method based on the 
above-mentioned compliant mark does not allow a com- 
pliant reproducing machine to reproduce non-compliant 

20 recording media having no compliant mark. However, it 
is comparatively easy to enable data reproduction with 
non-compliant authentication by a non-compliant repro- 
ducing machine. In turn, the conventional encryption 
methods have a problem in the safe transmission of 

25 decryption keys. As described above, this problem may 
be circumvented, as far as a closed system is con- 
cerned, by transmitting description keys over a route dif- 
ferent from that over which encrypted data is 
transmitted. However, such a technique cannot be 

30 applied to consumer electronics products such as CD. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present inven- 
35 tion to provide an encryption method and a description 
method that can prevent a compliant recording machine 
from reproducing data copied in a non-compliant man- 
ner and, at the same time, prevent a non-compliant 
reproducing machine from reproducing even compliant 
40 data. 

[0007] In carrying out the invention and according 
to one aspect thereof, there is provided an encryption 
method of data using a key and being performed in a 
compliant recording machine issuing a compliant mark 

45 for authenticating the data. The encryption method 
comprises the steps of encrypting the data before 
recording thereof with the key such that the key is 
required to decrypt the data when the recorded data is 
to be reproduced by a player machine, adding an error 

so correction code to the encrypted data to form a data 
block such that the data can be made free of a noise by 
an error correction process of the data block using the 
error correction code when the data is to be reproduced 
by the player machine, and writing secret information 

55 containing the key and the compliant mark over the data 
block in the form of a noise such that the secret informa- 
tion containing the key and the compliant mark can be 
separated from the data by the error correction process 
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performed by the player machine, thereby allowing the 
player machine to use the key to decrypt the data if the 
player can detect the compliant mark from the sepa- 
rated secret information. Preferably, the encryption 
method further comprises the steps of providing infor- 
mation being necessary for encrypting the data and 
containing an identification code of the compliant 
recording machine and a function group dedicated for 
generating the compliant mark, and generating the 
compliant mark from the key based on the provided 
information while the key is used to execute encryption 
of the data. Preferably, the encryption method further 
comprises the steps of providing information containing 
an identification code identifying a medium used for 
recording the data, another identification code identify- 
ing the compliant recording machine and a function 
group dedicated for generating the compliant mark, and 
generating the compliant mark from the key based on 
the provided information while the key is used to exe- 
cute encryption of the data 

[0008] In carrying out the invention and according 
to another aspect thereof, there is provided an encryp- 
tion method of data using a key and being performed in 
a compliant recording machine capable of attaching a 
compliant mark for authenticating the data. The encryp- 
tion method comprises the steps of initially generating a 
session key in a random manner, subsequently generat- 
ing an execution key from the session key, encrypting 
the data before recording thereof with the execution key 
such that the execution key is required to decrypt the 
data when the recorded data is to be reproduced by a 
player machine, adding an error correction code to the 
encrypted data to form a data block such that the data 
can be made free of a noise by an error correction proc- 
ess of the data block using the error correction code 
when the data is to be reproduced by the player 
machine, further generating the compliant mark from 
the session key such that the session key is concealed 
in the compliant mark, and writing the compliant mark 
over the data block within a range of the noise such that 
the compliant mark can be separated from the data by 
the error correction process performed by the player 
machine, thereby allowing the player machine to restore 
the execution key from the separated compliant mark so 
as to decrypt the data if the player machine can recog- 
nize the separated compliant mark. Preferably, the step 
of further generating comprises generating the compli- 
ant mark by encrypting the session key. Preferably, the 
step of further generating comprises generating the 
compliant mark by encrypting the session key according 
to specific information including dedicated functions, 
thereby allowing the player machine to decrypt the ses- 
sion key to restore the execution key if the player 
machine can handle or interpret the specific informa- 
tion. Preferably, the step of adding comprises adding an 
error correction code to the encrypted data to form the 
data block and recording the formed data block in a 
medium allotted an identification code, and the step of 



• further generating comprises generating the compliant 
mark by encrypting the session key based on the iden- 
tification code allotted to the medium so that the identi- 
fication code is incorporated into the compliant mark. 

5 Further, the step of initially generating comprises gener- 
ating the session key in a random manner such as to 
change the session key at a predetermined time inter- 
val. Preferably, the step of adding comprises adding an 
error correction code to the encrypted data to form the 

70 data block such that the data block contains the data 
composed of a plurality of bytes arranged in a matrix of 
rows and columns, and the error correction code com- 
posed of first parity information used for performing the 
error correction process on the rows of the data and 

75 second parity information used for performing the error 
correction process on the columns of the data, and the 
step of writing comprises writing the compliant mark 
over the data block within a range of the noise such that 
each row of the data contains at most one byte of the 

20 compliant mark and each column of the data contains at 
most one byte of the compliant mark. Further, the step 
of initially generating comprises generating the session 
key composed of key data and a key parity used for an 
error correct process of the key data, and the step of 

25 writing comprises writing the compliant mark containing 
the key data and the key parity of the session key over 
the data block such that a part of the key data is written 
over the error correction code and a part of the key par- 
ity is written over the matrix of the data. 

30 [0009] In carrying out the invention and according 
to still another aspect thereof, there is provided a 
decryption method of data using a key and performed in 
a compliant reproducing machine capable of recogniz- 
ing a compliant mark embedded in the data for authen- 

35 ticating the data. The decryption method comprises the 
steps of inputting a data block composed of encrypted 
data and an error correction code into the compliant 
reproducing machine together with secret information 
embedded in the dada block in the form of a separable 

40 noise, the secret information containing a key and a 
compliant mark, performing an error correction process 
of the inputted data block with the error correction code 
to separate the noise from the encrypted data, detecting 
the compliant mark from the separated noise according 

45 to information prestored in the compliant reproducing 
machine including an identification code thereof, and 
restoring the key from the separated noise using the 
detected compliant mark, thereby allowing the compli- 
ant reproducing machine to decrypt the encrypted data 

so by the restored key. Preferably, the step of detecting 
comprises detecting the compliant mark according to an 
identification code of the compliant reproducing 
machine and another identification code of a medium 
which is used to record the data block and is loaded into 

55 the compliant reproducing machine. 

[0010] In carrying out the invention and according 
to yet another aspect thereof, there is provided a 
decryption method of data performed in a reproducing 
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machine using a session key generated in a random 
manner. The decryption method comprises the steps of 
inputting a data block composed of encrypted data and 
an error correction code into the reproducing machine 
together with information of the session key embedded 5 
in the dada block in the form of a separable noise, per- 
forming an error correction process of the inputted data 
block with the error correction code to separate the 
noise from the encrypted data, and restoring the ses- 
sion key from the separated noise, thereby allowing the w 
reproducing machine to decrypt the encrypted data by 
the restored session key, wherein the step of inputting 
comprises inputting the data block that contains the 
encrypted data composed of a plurality of bytes 
arranged in a matrix of rows and columns, the error cor- 75 
rection code composed of first parity information used 
for performing the error correction process on the rows 
of the data and second parity information used for per- 
forming the error correction process on the columns of 
the data, and the information of the session key com- 20 
posed of a plurality of bytes distributed over the data 
block such that each row of the encrypted data contains 
at most one byte of the session key and each column of 
the encrypted data contains at most one byte of the ses- 
sion key, and wherein the step of performing includes 2 s 
rearranging the information of the session key con- 
tained in the separated noise into either of one row or 
one column of the bytes, and applying an error correc- 
tion process to the rearranged information of the ses- 
sion key. Preferably, the step of rearranging comprises 30 
rearranging the information of the session key into one 
row or one column of the bytes having the same dimen- 
sion as one row or one column of the encrypted data, 
and the step of applying comprises applying the same 
error correction process to the rearranged information 35 
of the session key as that applied to the encrypted data. 
Preferably, the step of rearranging comprises rearrang- 
ing the information of the session key scattered over the 
data block into one row or one column of the bytes such 
that one row or one column may contain blank bytes, 40 
and interpolating the blank bytes by filling thereto a 
default value. Preferably, the step of inputting comprises 
inputting a group of data blocks together with the ses- 
sion key embedded commonly to each of the dada 
blocks of the same group, and the step of restoring com- 45 
prises restoring the session key which is valid only for 
decryption of the data blocks belonging to the same 
group. 

[001 1 ] According to the invention, data is encrypted 
and the key information for decrypting the encrypted so 
data is additionally written as a compliant mark over a 
data block to which error correction is performed. Con- 
sequently, this compliant mark does not appear in the 
data obtained by reproduction. Since the data copied in 
a non-compliant manner includes no compliant mark, 55 
such data cannot be reproduced by a compliant repro- 
ducing machine. On the other hand, the properly 
encrypted data cannot be reproduced by a non-compli- 



ant machine since the same cannot recognize the com- 
pliant mark. In addition, according to the invention, the 
key information for decryption is additionally written over 
the data, thereby facilitating key delivery. 
[0012] The key information is encrypted and the 
encrypted key information is written over the data, 
thereby enhancing the degree of secrecy of the key 
information. Use of the ID information of the recording 
medium for encrypting the key information allows a 
player machine to read the key information only from 
that recording medium, thereby more effectively pre- 
venting non-compliant bit-to-bit replication from being 
practiced. 

[0013] In arranging the key information, when addi- 
tionally writing the key information over a data block, the 
key information is arranged at least one byte in each of 
the row and column directions of the data block so as to 
substantially prevent the error correction process for the 
data from being degraded. In this case, the key informa- 
tion is constituted by key data and a key parity for error- 
correcting the key data. Then, the key information addi- 
tionally written over the data block is rearranged at 
reproduction into one data row or one data column to 
perform the error correction process. This always per- 
mits the correct extraction of the added key information 
by the compliant error correction process. Further, the 
key information is additionally written over the data 
block along row and column directions of the data block 
in a scattered manner. When the key information thus 
over-written is rearranged at reproduction as one data 
row or one data column, interpolation between one 
piece of key information and another piece of key infor- 
mation by a known value (for example, 0000 0000) for 
error correction is conducted so that the conventional 
error correction techniques become available. 
[0014] In addition, writing at least a part of the key 
data over the recording area of the parity information 
and writing at least a part of the key parity over an area 
other than the parity information recording area prevent 
the key data from being recognized even if the error-cor- 
rected data is compared with the original data. Thus, the 
degree of secrecy is enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

FIG. 1 is a block diagram illustrating the configura- 
tion of an optical disc recorder practiced as one 
embodiment of the invention. 
FIG. 2 is a block diagram illustrating the configura- 
tion of an optical disc player practiced as another 
embodiment of the invention. 
FIG. 3 is a diagram illustrating details of an ECC 
block. 

FIG. 4 is a diagram illustrating a data frame of the 
ECC block. 

FIG. 5 is a diagram illustrating a first example in 
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which key information is additionally written over a 
data block. 

FIG. 6 is a diagram illustrating a second example in 
which key information is additionally written over a 
data block. 

FIG. 7 is a diagram illustrating a third example in 
which key information is additionally written over a 
data block. 

FIG. 8 is a diagram illustrating control data con- 
tained in the key information. 
FIG. 9 is a flowchart indicative of processing at data 
recording. 

FIG. 10 is a flowchart indicative of processing at 
data reproducing. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] This invention will be described in further 
detail by way of example with reference to the accompa- 
nying drawings. FIG. 1 is a block diagram illustrating the 
configuration of an optical disc recorder practiced as 
one embodiment of the invention. Data such as a music 
signal or a video signal outputted from a signal source 1 
for recording is encrypted in an encrypting block 2 
according to a predetermined encryption algorithm. The 
encrypted data is supplied to an ECC encoder 3. in the 
ECC encoder 3. an error correction code is added to the 
encrypted data to provide a data block, which with- 
stands a read error of about 1%. Such a data block is 
hereafter referred to as an ECC block. The ECC block is 
then divided into plural sectors. A modulator 4 performs 
modulation processing such as 8-to-16 bit conversion 
(DVD) or 8-to-14 bit conversion (CD) on the sectors. 
The resultant sectors are recorded through a pickup 5 
onto an optical disc 6. 

[0017] Thus, the recording of encrypted data is 
made onto a normal recording medium. With the 
present system, however, key information is written over 
the ECC block. To be more specific, on the basis of 
common information 7 for authentication provided by a 
license issuing organization and a session key Rs to be 
described later, an execution key generating block 8 
generates an execution key Y for encryption. For the 
session key Rs t a random number, for example is used. 
The session key Rs is generated in a session key gen- 
erating block 9. The generated session key Rs is 
encrypted in a key encrypting block 1 2. Namely, a disc 
ID embedded in the optical disc 6 is detected from the 
pickup output by a disc ID detecting block 10. On the 
basis of the disc ID, a machine ID 11 provided by the 
license issuing organization, and a dedicated function 
given as part of the common information 7, a function 
value generating block 1 5 generates a function value Hs 
for encryption and/or decryption. On the basis of this 
function value Hs, the key encrypting block 12 encrypts 
the session key RS. The encrypted session key is 
added with a key parity by an ECC2 encoder 13. These 
key data and key parity are additionally written by an 



adder 14 over the ECC block as a compliant mark. 
[0018] The inventive recording apparatus of FIG. 1 
is constructed for encrypting data using a key and issu- 
ing a compliant mark for authenticating the data. In the 

5 recording apparatus, the encrypting block 2 encrypts 
the data with the key before recording of the data such 
that the key is required to decrypt the data when the 
recorded data is to be reproduced by a player machine. 
The ECC encoder 3 adds an error correction code to the 

w encrypted data to form a data block such that the 
encrypted data can be made free of a noise by an error 
correction process of the data block using the error cor- 
rection code when the encrypted data is to be repro- 
duced by the player machine. A writing section including 

15 ECC2 encoder 13 and adder 14 writes secret informa- 
tion containing the key and the compliant mark over the 
data block in the form of a noise such that the secret 
information containing the key and the compliant mark 
can be separated from the encrypted data by the error 

20 correction process performed by the player machine, 
thereby allowing the player machine to use the key to 
decrypt the encrypted data if the player machine can 
detect the compliant mark from the separated secret 
information. 

25 [0019] In detail, the inventive recording apparatus 
of FIG. 1 encrypts data using a key and is capable of 
attaching a compliant mark for authenticating the data. 
In the recording apparatus, the first generating section 9 
initially generates a session key Rs in a random man- 

30 ner. The second generating section 8 subsequently 
generates an execution key Y from the session key Rs. 
The encrypting block 2 encrypts the data with the exe- 
cution key Y before recording of the data such that the 
execution key Y is required to decrypt the encrypted 

35 data when the recorded data is to be reproduced by a 
player machine. The ECC encoder 3 adds an error cor- 
rection code to the encrypted data to form a data block 
such that the encrypted data can be made free of a 
noise by an error correction process of the data block 

40 using the error correction code when the recorded data 
is to be reproduced by the player machine. The third 
generating section including the function value genera- 
tor 15 and the key encrypting block 12 further generates 
the compliant mark Es from the session key Rs such 

45 that the compliant mark Es contains information of the 
session key Rs. Stated otherwise, the key is concealed 
in the compliant mark. The writing section including 
ECC2 encoder 13 and adder 14 writes the compliant 
mark Es over the data block in the form of a noise such 

so that the compliant mark Es can be separated from the 
data by the error correction process performed by the 
player machine, thereby allowing the player machine to 
restore the execution key Y from the separated compli- 
ant mark so as to decrypt the data if the player machine 

55 can recognize or interpret the separated compliant 
mark Es. 

[0020] FIG. 2 is a block diagram illustrating the con- 
figuration of an optical disc player machine practiced as 
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an embodiment of the invention. Data recorded on an 
optical disc 21 with the key information additionally writ- 
ten over the ECC block is read by a pickup 22. This data 
is then supplied to a demodulator 23, in which demodu- 
lation processing such as 16-to-8 bit conversion (DVD) 
or 14-to-8 bit conversion (CD) is performed on the data. 
The demodulated data is error-corrected by an ECC 
decoder 24, and the error-corrected data is then sup- 
plied to a decryption block 25. The data at this stage is 
deprived of the key information incorporated into the 
compliant mark by 1he error correction process. The 
decrypting block 25 decrypts the encrypted data by use 
of an execution key Y restored from the key information 
by a procedure to be described later. The decrypted 
data is supplied to a signal processing circuit 26 such as 
an MPEG decoder, in which predetermined reproduc- 
tion processing is executed on the data. 
[0021 ] Since the output from the pickup 22 includes 
disc ID information Db. it is detected by a disc ID detect- 
ing block 27. The detected disc ID Db is supplied to a 
function value generating block 33 along with a machine 
ID Mb from a machine ID block 28 provided by a license 
issuing organization and along with a dedicated function 
H given as common information 34 In the function value 
generating block 33, a function value for decryption is 
obtained. A key information detecting block 29 detects 
the key information Es additionally written over the ECC 
block processed by the ECC decoder 24. and performs 
error correction process of the key information Es. Alter- 
natively, the error correction process of the key informa- 
tion Es can be executed in the ECC decoder 24 as with 
normal DVD data. The detected key information Es is 
decrypted on the basis of the obtained function value Hs 
in a session key decrypting block 30. The decrypted 
session key Rs is supplied to an execution key generat- 
ing block 31, in which, on the basis of the session key 
Rs and a part of the common information 34, the execu- 
tion key Y for description is generated. The decrypted 
session key Rs is also supplied to a player control CPU 
32 to enable various reproduction controlling opera- 
tions. 

[0022] The inventive reproducing apparatus of FIG. 
2 decrypts data using a key and is capable of recogniz- 
ing a compliant mark embedded in the data for authen- 
ticating the data. In the reproducing apparatus, an input 
section including the pickup 22 receives a data block 
composed of encrypted data and an error correction 
code together with secret information embedded in the 
dada block as a separable noise. The secret information 
contains a key and a compliant mark. The ECC decoder 
24 performs an error correction process of the received 
data block with the error correction code to separate the 
noise from the encrypted data. The detector 29 detects 
the compliant mark from the separated noise according 
to prestored information including the machine identifi- 
cation code Mb. A restoring section including the key 
decrypting block 30 restores the key from the separated 
noise using the detected compliant mark. The decrypt- 



ing block 25 decrypts the encrypted data by the restored 
key so as to reproduce the data. 
[0023] In detail, the reproducing apparatus of FIG. 2 
decrypts encrypted data using the session key Rs gen- 

5 erated in a random manner. In the reproducing appara- 
tus, the pickup 22 receives a data block composed of 
encrypted data and an error correction code together 
with information of the session key Rs embedded in the 
dada block as a separable noise. The ECC decoder 24 

io performs an error correction process of the received 
data block with the error correction code to separate the 
noise from the encrypted data. The restoring section 
including the key decrypting block 30 restores the ses- 
sion key Rs from the separated noise. The decrypting 

75 block 25 decrypts the encrypted data based on the 
restored session key Rs. In such a construction, the 
input section receives the data block containing the 
encrypted data composed of a plurality of bytes 
arranged in a matrix of rows and columns, the error cor- 

20 recti on code composed of first parity information used 
for performing the error correction process on the rows 
of the encrypted data and second parity information 
used for performing the error correction process on the 
columns of the encrypted data, and the information of 

25 the session key composed of a plurality of bytes distrib- 
uted over the data block such that each row of the 
encrypted data contains at most one byte of the session 
key and each column of the encrypted data contains at 
most one byte of the session key. The detector 29 rear- 
so ranges the information of the session key contained in 
the separated noise into either of one row or one col- 
umn of the bytes, and applies an error correction proc- 
ess to the rearranged information of the session key. 
[0024] The following describes the encryption 

35 processing and the decryption processing by the 
recorder and the player configured as described above. 
FIG. 3 is a diagram illustrating details of an ECC block 
generated by the ECC encoder 3 (in the case of DVD). 
Data (user data) is constituted by 172 bytes in row and 

40 192 bytes in column, totaling 33,024 bytes. Ten-byte 
parity data PI is added to each piece of row 172-byte 
data and 16- row parity data PO is added to each piece 
of the column 192-row data, thereby constituting one 
ECC block. In recording, the ECC block is divided into 

45 16 sectors before being recorded. Each sector is consti- 
tuted by data of 172 (= 91 + 81) bytes x 12 rows, parity 
data PO of 172 bytes x 1 row, and parity data PI of 10 
bytes x 1 3 rows, to which a resync signal of 2 bytes x 1 3 
rows x 2 is added, totaling 2,418 bytes. 

so [0025] With regard to the data of each sector, as 
shown in FIG. 4, the sector in DVD is constituted by ID 
data (ID) of 4 bytes, an ID error detection code (IED) of 
2 bytes, copy manage information (CPR_MAI) of 6 
bytes, main data of 2048 bytes, and a sector error 

55 detection code (EDC) of 4 bytes, totaling 2064 bytes. It 
should be noted that the ECC block in DVD is ECC- 
encoded in the form of product sign for 16 sectors and 
the encoded sectors are further interleaved. In each 



6 



: <EP. 



.1020856A2_L> 



11 



EP 1 020 856 A2 



12 



sector, the same scramble is performed on the main 
data of 2048 bytes on the ECC block basis. The scram- 
ble processing is executed by performing an EXOR 
(exclusive logical summation) operation between the 
low-order 8 bits of a 15-bit LFSR (Linear Feedback Shift 
Register) and 8-bit data. It should be noted that the pol- 
ynomial of the LFSR is represented by X 15 + X 11 + 1. 
The initial preset value of the 15-bit LFSR is determined 
on the basis of the value of bit 7 - bit 4 of the ID. 
[0026] FIG. 5 is a diagram illustrating the above- 
mentioned ECC block with key information added 
thereto. As shown in this example, the key information is 
constituted by key data of 156 bytes K1 through K156 
for example, 10-byte key parities PI1 through PI10 for 
error -correcting the key data in row direction, and 16- 
byte key parities P01 through P016 for error-correcting 
the key data in column direction. These key data and 
key parities are inserted a maximum of one byte in each 
of row and column directions, thereby preventing the 
error correction process by the ECC from degradation. 
Preferably, these key data and key parities are arranged 
to avoid mixing with the start ID, IED, and CPRJvlAI and 
the end EDC data in the data frame of DVD (in FIG. 5, 
K156 is incidentally recorded at the position of EDC 
data, which is preferably avoided). 
[0027] Parity data PI1 through PI10 and POI 
through P01 6 are added as the remainder of the gener- 
ator polynomial for parity generation. Error correction is 
performed in a manner in which a part (1) of FIG. 5 is 
copied from the positions from which the key data and 
key parities are vertically embedded, the copy is error- 
corrected by the same PI decoding method as DVD, and 
the error-corrected data is copied to a part (2) of FIG. 5. 
At this time, among the 182 symbols, any symbol data 
having no key data and key parity is replaced by a fixed 
default value (for example, '0'). Key parities PO are 
added to the resultant data column, on which error cor- 
rection is performed in the same manner as the DVD 
PO decoder. At this time, among the 208 symbols, any 
symbol data having no key data and key parity is 
replaced by a fixed default value (for example, '0')- This 
method allows the use of the same decoder as that of 
DVD to error-correct the key data mixed in the DVD data 
as noise data. 

[0028] The above-mentioned method is one of 
available methods, and may allow a player machine to 
read out key data as noise data when the data block is 
treated without DVD decoder correction. Hence, more 
preferably, 26 recording positions of the key data are 
replaced by the recording positions of key parity data, 
which is shown in FIG. 6. In this method, the key data 
and the key parities are replaced by each other before 
error correction. If the data at 172 x 192 areas are read 
out without correction and if the correction key parities 
(PI1 through PI10, POI through P016) cannot be read, 
loss of 26 symbols has taken place for both PI correc- 
tion and PO correction, thereby making it difficult to 
decrypt the key data by error correction. Consequently, 



the key data cannot be retrieved. 
[0029] If as many as 1 56 pieces of key data are not 
necessary for one ECC block, key data K1 through 
K156 may not be mixed in particular ECC blocks. In this 
5 case, at the time of error correction, the data block is 
filled with a fixed value (for example, '0') as with the 
positions having no key data so as to perform ECC 
decoding (addition of PI and PO) and encoding (error 
correction). 

10 [0030] If the occurrence of a burst error is expected 
in an actual application, it is preferable that mixing of 
key data in adjacent rows be avoided as long as possi- 
ble. For example, in the case of DVD, a parity PO of one 
row is attached to a data frame of 12 rows, so that one 

75 row of key data or key parity is mixed in every 13 rows. 
Namely, the PO parity portion is always mixed with one 
piece of key data or key parity and one row is inserted 
into 12 rows according to the DVD rule. 
[0031] FIG. 7 is a diagram illustrating the mixing of 

so key data or key parities, two pieces of key data or key 
parities in 1 2 rows and one piece of key data or key par- 
ity in 4 rows. The number of key data or key parities to 
be mixed amounts to a total of 48. The portions having 
no key data or key parity are filled by a fixed value (for 

25 example, '0') in order to perform parity generation and 
error correction. In this example, the key data are 
divided into KA1 through KA6 and KD1 through KD16, 
KA1 through K6 providing control data (such as 
address) and KD1 through KD16 providing the key data. 

30 [0032] FIG. 8 is a diagram illustrating an example of 
the control data. DS is set to bit 0 of KA1. When DS = 
*0', KD1 through KD16 are assigned to encrypted ses- 
sion key data. When DS = T, KD1 through KD16 are 
allotted to encrypted machine ID and disk ID. 

35 [0033] In the example of FIG. 7, the same error cor- 
rection method as FIG. 6 is used. Namely, the data is 
copied from the position from which the key data and 
key parities PI0 through PI10 are vertically mixed into a 
part (1), error correction is performed on the copy by the 

40 same PI decoding method as DVD (at this time, POI 
through POI 6 are '0's), and the corrected data is copied 
to another part (2). At this time, KD1 through KD16 are 
replaced by POI through P016. Key parities PO are 
added to these data rows and error correction is per- 

45 formed thereon by the same method as the PO decod- 
ing of DVD. The corrected KA1 through KA6 and KD1 
through KD16 are used as the key data. 
[0034] The method of parity generation for Reed- 
Solomon code is the same as that of DVD. Namely, if the 

so key data (filled with *0' in blank bytes) and the data on 
the PO parity domain are denoted by AO through A207 
from top, then a remainder R(X) is obtained from the fol- 
lowing mathematical expression 1 : 

55 RS(208, 192, 17) 
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where 
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i=0 
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Under such a circumstance, the machine ID authentica- 
tion is not provided in the strict sense, but only the level 
of group ID authentication may be realized. This level is 
just equivalent to the ID number input of commercially 
available CD-ROMs. Therefore, even if the verification 
function is kept secret, it may be crypto-analized such 
that the encryption is not so high in strength against 
cracking. The following information must be issued for 
authentication from the license issuing organization: 

machine ID; and 
verification function 



15 

Gpo{X)=y[(X+a k ) 

k=0 



[0035] Likewise, if the key data (filled with '0' in 
blank bytes) and the data on the IP parity domain are BO 
through B181 from top, then a remainder R(X) is 
obtained from the following mathematical expression 2: 

RS(182, 172, 11) 

181 
/=172 

={I(X)*X 10 }mod{Gpo(X)} 



where, 

171 

/(X)=£B''** 171 " 1 

/=o 

9 

Gpo(X)=Y\{X+" k ) 

k=0 

It should be noted that, in the mathematical expressions 
1 and 2. the primitive polynomial for generating a is as 
follows: 

P(x) = x 8 +x 4 + x 3 +x 2 + 1 

[0036] The following describes machine and disc 
authentication. In the above-mentioned embodiment, 

this case is no one-to-one machine authentication; 
mutual data communication means through a net- 
work is not available; and 

there is only one-way information transmission 
means through media. 



For the machine ID, a 1 6-digit number is used and about 
75 1 ,000,000,000 types are assumed. For the verification 
function, a message digest function of MHD or SHA-1 is 
applied to provide one that is obtained by performing bit 
manipulation on a computation result (128 bits for MHD 
and 160 bits for SHA-1). Let own machine ID be Ma and 
20 a machine ID detected from a given medium be Mb, 
then the following is used for a decision condition: 

F (Ma, Mb) = C (Constant) 

25 However, function G such as G(Ma) = G(Mb) = C exists 
for the substantial form. If the machine ID cannot be 
included in the authentication to be transmitted, this 
function F is alternatively used for key encryption and 
decryption. 

30 [0037] The following describes the encryption 
method of key. in case that a method based on widely 
used discrete logarithmic computation is used for exam- 
ple, the following is given as common information pro- 
vided by the license issuing organization: 

35 

great prime number n (for example, decimal 300 
digits and about 1024 bits); and 

generation source g(g A (n-l) = 1). 

40 

For the principle equation, the following is used: 
y = g A x (modulo n) 

45 The value y can be easily obtained from x but not vice 
versa as n increases. This property is used for encryp- 
tion. Generation source g permits unidirectional trans- 
position of all positive integers up to 1 ... (n - 1). Random 
number r is generated for use as a session key (g and r 

so are positive integers less than n). To generate an execu- 
tion key on the basis of r, the following equation is used: 

yO = g A r 

55 From the above-mentioned relation, the execution key 
consisting of 1024 bits is obtained. This key may be 
used as it is. If data which is an integral multiple of 1024 
bits (= 128 bytes) is necessary, the required data may 
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be generated Irom the following relations: 
y1 = g A yO 
y2 = g A y1 

[0038] For a method of generating a bit stream (S) 
on the basis of r, the following method may be used. To 
be specific, yO = g A r is calculated. If yO is greater than 
n*1/2, then S(0) = 1; otherwise, S(0) = 0. Likewise, 
yl =g A yO is calculated. If y1 is greater than n*1/2, 
then S(1) = 1; otherwise S(1) = 0. Thus, the bit stream 
can be generated. 

[0039] Use of the first 56 bits of the bit stream thus 
generated may permit to multiply every 64 bits of data 
by DES (or triple DES by use of the first 112 bits). 
Essentially, the value r should be passed to the other 
party with n and g as common information. It can be 
understood that the initial random number r does not 
cause any problem if n is large enough even in the case 
of 128 bits. In addition to the above-mentioned discrete 
logarithmic computation, encryption methods based on 
elliptic curves are also adaptable. 
[0040] The data contained in ECC2 may be one of 
the following three cases: 

(1) encrypted session key, machine ID, and disc ID; 

(2) encrypted session key and machine ID; and 

(3) encrypted session key. 

Each case results in different embedded key length and 
authentication method and accuracy. 
[0041 ] It is assumed in every case that the session 
key be encrypted and decrypted by use of machine ID 
and disc ID in some form. In the cases of (2) and (3) 
above, if the session key is decrypted by mistake, the 
data itself is decrypted incoherently. If this happens, 
however, an EDC error occurs during decryption, so 
that there is little possibility of erroneous abnormal 
reproduction of the data, if the length of the key to be 
embedded is 32 bytes for example, then the following bit 
lengths can be allocated: 

encrypted session key, 128 bits; 
encrypted machine ID, 64 bits (numeral of 16 dig- 
its); and 

encrypted disc ID, 64 bits (humeral of 1 6 digits). 

It is desirable for the encrypted execution key to be 
changed a predetermined time interval to make crack- 
ing difficult 

[0042] If it is practicable to perform encryption and 
decryption by use of two or more ECC blocks, the first 
block may include the encrypted session key of 1 28 bits, 
and the second block may include the encrypted 
machine ID of 64 bits and the encrypted disc ID of 64 
bits. If encryption and decryption must be completed 
within a single ECC block for some reason, the session 



key (128 bits) encrypted by the machine ID and the disc 
ID is used, and decryption is performed by use of pre- 
sumably correct data, namely own machine ID and own 
disc ID. The data itself is decrypted by use of the ses- 
5 sion key and the decrypted data is checked for EDC 
error. 

[0043] Data encryption is performed by scrambling 
the data on an ECC block basis for example. To be spe- 
cific, the data is encrypted by performing scramble 

io processing by use of a new scramble preset value 
obtained by executing an EXOR operation between a 
scramble preset value in the compliant scramble 
processing as DVD and the execution key Data decryp- 
tion is performed by descrambling the data on an ECC 

75 block basis. For the decryption, the same processing as 
the scramble processing used in encryption is used. 
Then the data has been thus descrambled, it returns to 
the form before it was encrypted. Whether the data 
decryption by this scramble processing has been per- 

20 formed correctly or not can be determined by checking 
the sector error detection code (EDC). 
[0044] The following describes specific encryption 
processing and decryption processing based on the 
above-mentioned system. In the following processing, 

25 encryption and decryption within a single ECC block is 
adopted for example. Assume that the following types of 
information are provided by the license issuing organi- 
zation: 

30 (1) Common information 
[0045] 

n = great prime number, 1024 bits. 
35 g = generation source, a positive integer less than 
n. 

H: dedicated hash function for session key encryp- 
tion and decryption; 
40 input parameter = machine ID and disc ID, and 

output value =128 bits. 

R: random number generation function for session 
key generation; 

input parameter = system time (Tm) and disc ID, 
45 and output value = 128 bits. 

(2) Information issued for individual machine 

[0046] 

50 

M = machine ID, decimal 16 digits (in the following 
example, the write side ID is denoted by Ma and 
the read side ID is denoted by Mb). 

55 
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(3) Information embedded tor individual medium 
[0047] 

D = disc ID, decimal 16 digits (in the following exam- 
ple, the write side ID is denoted by Da and the 
read side ID is denoted by Db). If both are cor- 
rect, Da = Db . 

[0048] FIG. 9 is a flowchart indicative of the proce- 
dure of the write processing by the recorder described 
with reference to FIG. 1. First the disc ID is detected 
(S1). Next, by use of the dedicated hash function H, a 
hash value Hs (128 bits) is generated on the basis of 
Hs = H (Ma. Da) (S2). Current system time (= Tm) is 
obtained (S3). Session key Rs (128 bits) is obtained 
from a random number generation function Ft (Da, Tm) 
on the basis of Rs = R (Da, Tm) (S4). An EXOR opera- 
tion is executed between Rs and Hs to generate deliv- 
ery key information Es (= Rs XOR Hs: 128 bits) (S5). In 
addition, on the basis of Y = g A Rs (modulo n), the 
execution key Y (1024 bits) is generated (S6). By use of 
the execution key Y, the data is scrambled (S7). The 
delivery key information Es (128 bits) is embedded in 
the obtained ECC block (S8). Until a predetermined 
time has passed, steps S7 and S8 are repeated for 
each sector. When the predetermined time has passed, 
another current system time (= Tm) is obtained again to 
update the session key Rs (S9). A machine-readable 
medium M may be used in the recording machine of 
FIG. 1 having a processor or CUP for encrypting data 
using a key and issuing a compliant mark to authenti- 
cate the data. The medium M is loaded into a media 
drive, and contains program instructions executable by 
the processor to cause the recording machine to per- 
form the encryption process as illustrated by FIG. 9. 
[0049] FIG. 1 0 is a flowchart indicative of the proce- 
dure of the read operation by the player machine 
described with reference to FIG. 2. First, disc ID (= Db) 
is obtained (S1 1). Next, hash value Hs (128 bits) is gen- 
erated from dedicated hash function H on the basis of 
Hs = H (Mb, Db) (S12). Delivered key information Es 
(128 bits) is retrieved (S13). An EXOR operation is per- 
formed between Es and Hs to generate a session key 
Rs (128 bits) on the basis of Rs = Es EXOR Hs (514). 
On the basis of Y = g A Rs (modulo n), execution key Y 
(1024 bits) is generated (S15). By use of Y, the data is 
descrambled (S16). Finally, the EDC (sector error 
detection code) is checked (S17). If the EDC is found 
normal, the data is reproduced (S18). If an error is 
found, an error processing routine is activated (S19). 
Subsequently, the processing operations of S13 and 
further on are repeated. A machine-readable medium in 
the form of disc 21 may be used in the reproducing 
machine of FIG. 2 having the CPU 32 for decrypting 
data using a key and recognizing a compliant mark 
embedded in the data to authenticate the data. The 
medium may contain program instructions executable 
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by the to cause the reproducing machine to perform the 
decrypting process illustrated in FIG. 10. 
[0050] In the above-mentioned embodiments, the 
scramble initial preset value is EXORed with the 

5 encrypted execution key of 15 bits. But, this may be 
insufficient as a key length. In the current encryption 
technologies, the key lengths less than 40 bits are com- 
ing to be regarded as not effective. Namely, unless a 
scramble method can be guaranteed against cracking, 

io a known encryption principle is applied to read data with 
ease by a method in which round-robin trials are made 
to check for EDC errors and, if no EDC error is encoun- 
tered, cracking is regarded as successful. Conse- 
quently, in order to enhance the degree of security, the 

75 following methods may be employed. 

(1) Because 1024 bits (= 128 bytes) are obtained 
from the delivered and decrypted session key of 
128 bits by a single power operation, performing 16 

20 power residue operations on 2048 bytes of the data 
area can execute EXOR operations on these bytes 
on a bit by bit basis. 

(2) A value obtained by a single power residue 
operation is EXORed on a bit by bit basis by repeat- 

25 ing the power residue operation for every 1 28 bytes 
of the data area. 

[0051] These methods require some change of 
conventional hardware configurations, but can signifi- 

30 cantly make the most of the session key of 128 bits 
delivered at much expense in time and effort. 
[0052] As mentioned above and according to the 
invention, data is encrypted and key information for 
decrypting the encrypted data is additionally written as 

35 a compliant mark over a data block, to which error cor- 
rection is performed. Consequently, this compliant mark 
does not appear in the data obtained by reproduction. 
Since the data copied in a non-compliant manner 
includes no compliant mark, such data cannot be repro- 

40 duced by a compliant reproducing machine, and the 
encrypted data cannot be reproduced by a non-compli- 
ant machine. In addition, according to the invention, the 
key information for decryption is additionally written over 
the data, thereby facilitating key delivery. 

45 

Claims 

1. An encryption method of data using a key and 
being performed in a compliant recording machine 
so issuing a compliant mark for authenticating the 
data, the encryption method comprising the steps 
of: 

encrypting the data before recording thereof 
55 with the key such that the key is required to 

decrypt the data when the recorded data is to 
be reproduced by a player machine; 
adding an error correction code to the 
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encrypted data to form a data block such that 
the data can be made free of a noise by an 
error correction process of the data block using 
the error correction code when the data is to be 
reproduced by the player machine; and s 
writing secret information containing the key 
and the compliant mark over the data block in 
the form of a noise such that the secret infor- 
mation containing the key and the compliant 
. mark can be separated from the data by the 10 
\- error correction process performed by the 
* player machine, thereby allowing the player 
machine to use the key to decrypt the data only 
- if the player can detect the compliant mark from 5. 
the separated secret information. is 

2. The encryption method as claimed in claim 1, fur- 
ther comprising the steps of providing information 

being necessary for encrypting the data and con- 6 
taining an identification code of the compliant 20 
recording machine and a function group dedicated 
for generating the compliant mark, and generating 
the compliant mark from the key based on the pro- 
vided information while the key is used to execute 
encryption of the data. ? s 

3. The encryption method as claim in claim 1 , further 
comprising the steps of providing information con- 7 
taining an identification code identifying a medium 

used for recording the data, another identification 30 
code identifying the compliant recording machine 
and a function group dedicated for generating the 
compliant mark, and generating the compliant mark 
from the key based on the provided information 
while the key is used to execute encryption of the 35 
data. 

4. An encryption method of data using a key and 
being performed in a compliant recording machine £ 
capable of attaching a compliant mark for authenti- 40 
eating the data, the encryption method comprising 

the steps of: 

initially generating a session key in a random 
manner; 45 * 

subsequently generating an execution key from 
the session key; 

encrypting the data before recording thereof 
with the execution key such that the execution 
key is required to decrypt the data when the so 
recorded data is to be reproduced by a player 
machine; 

adding an error correction code to the 
encrypted data to form a data block such that 
the data can be made free of a noise by an 55 
error correction process of the data block using 
the error correction code when the data is to be 
reproduced by the player machine; 



further generating the compliant mark from the 
session key such that the compliant mark con- 
tains information of the session key; and 
writing the compliant mark over the data block 
in the form of a noise such that the compliant 
mark can be separated from the data by the 
error correction process performed by the 
player machine, thereby allowing the player 
machine to restore the execution key from the 
separated compliant mark so as to decrypt the 
data only if the player machine can recognize 
the separated compliant mark. 

The encryption method as claimed in claim 4, 
wherein the step of further generating comprises 
generating the compliant mark by encrypting the 
session key. 

The encryption method as claimed in claim 5, 
wherein the step of further generating comprises 
generating the compliant mark by encrypting the 
session key according to specific information 
including dedicated functions, thereby allowing the 
player machine to decrypt the session key to 
restore the execution key only if the player machine 
can handle the specific information. 

The encryption method as claimed in claim 5, 
wherein the step of adding comprises adding an 
error correction code to the encrypted data to form 
the data block and recording the formed data block 
in a medium allotted an identification code, and 
wherein the step of further generating comprises 
generating the compliant mark by encrypting the 
session key based on the identification code allot- 
ted to the medium so that the identification code is 
incorporated into the compliant mark 

The encryption method as claimed in claims 4 
wherein the step of initially generating comprises 
generating the session key in a random manner 
such as to change the session key at a predeter- 
mined time interval. 

The encryption method as claimed in claim 4, 
wherein the step of adding comprises adding an 
error correction code to the encrypted data to form 
the data block such that the data block contains the 
data composed of a plurality of bytes arranged in a 
matrix of rows and columns, and the error correc- 
tion code composed of first parity information used 
for performing the error correction process on the 
rows of the data and second parity information used 
for performing the error correction process on the 
columns of the data, and 

wherein the step of writing comprises writing 
the compliant mark over the data block in the form 
of a noise such that each row of the data contains 
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at most one byte of the compliant mark and each 
column of the data contains at most one byte of the 
compliant mark. 

10. The encryption method as claimed in claim 9, 
wherein the step of initially generating comprises 
generating the session key composed of key data 
and a key parity used for an error correct process of 
the key data, and 

wherein the step of writing comprises writing 
the compliant mark containing the key data and the 
key parity of the session key over the data block 
such that a part of the key data is written over the 
error correction code and a part of the key parity is 
written over the matrix of the data. 

11. A decryption method of data using a key and per- 
formed in a compliant reproducing machine capa- 
ble of recognizing a compliant mark embedded in 
the data for authenticating the data, the decryption 
method comprising the steps of: 

inputting a data block composed of encrypted 
data and an error correction code into the com- 
pliant reproducing machine together with 25 
secret information embedded in the dada block 
in the form of a separable noise, the secret 
information containing a key and a compliant 
mark; 

performing an error correction process of the 30 
inputted data block with the error correction 
code to separate the noise from the encrypted 
data; 

detecting the compliant mark from the sepa- 
rated noise according to information prestored 35 
in the compliant reproducing machine including 
an identification code thereof; and 
restoring the key from the separated noise 
using the detected compliant mark, thereby 
allowing the compliant reproducing machine to 40 
decrypt the encrypted data by the restored key. 

12. The decryption method as claimed in claim 11, 
wherein the step of detecting comprises detecting 
the compliant mark according to an identification 
code of the compliant reproducing machine and 
another identification code of a medium which is 
used to record the data block and is loaded into the 
compliant reproducing machine. 



13. A decryption method of data performed in a repro- 
ducing machine using a session key generated in a 
random manner, the decryption method comprising 
the steps of: 

inputting a data block composed of encrypted 
data and an error correction code into the 
reproducing machine together with information 



of the session key embedded in the dada block 
in the form of a separable noise; 
performing an error correction process of the 
inputted data block with the error correction 
5 code to separate the noise from the encrypted 

data; and 

restoring the session key from the separated 
noise, thereby allowing the reproducing 
machine to decrypt the encrypted data by the 
w restored session key, 

wherein the step of inputting comprises input- 
ting the data block that contains the encrypted 
data composed of a plurality of bytes arranged 
in a matrix of rows and columns, the error cor- 
75 rection code composed of first parity informa- 

tion used for performing the error correction 
process on the rows of the data and second 
parity information used for performing the error 
correction process on the columns of the data, 
20 and the information of the session key com- 

posed of a plurality of bytes distributed over the 
data block such that each row of the encrypted 
data contains at most one byte of the session 
key and each column of the encrypted data 
contains at most one byte of the session key, 
and 

wherein the step of performing includes rear- 
ranging the information of the session key con- 
tained in the separated noise into either of one 
row or one column of the bytes, and applying 
an error correction process to the rearranged 
information of the session key. 

14. The decryption method as claimed in claim 13, 
wherein the step of rearranging comprises rear- 
ranging the information of the session key into one 
row or one column of the bytes having the same 
dimension as one row or one column of the 
encrypted data, and the step of applying comprises 
applying the same error correction process to the 
rearranged information of the session as that 
applied to the encrypted data. 

15. The decryption method as claimed in claim 13, 
45 wherein the step of rearranging comprises rear- 
ranging the information of the session key scattered 
over the data block into one row or one column of 
the bytes such that one row or one column may 
contain blank bytes, and interpolating the blank 

so bytes by filling thereto a default value. 

16. The decryption method as claimed in claim 13, 
wherein the step of inputting comprises inputting a 
group of data blocks together with the session key 

55 embedded commonly to each of the dada blocks of 
the same group, and the step of restoring com- 
prises restoring the session key which is valid only 
for decryption of the data blocks belonging to the 
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same group. 

17. A recording apparatus for encrypting data using a 
key and issuing a compliant mark for authenticating 
the data, the recording apparatus comprising: s 

an encrypting section that encrypts the data 
with the key before recording of the data such 
that the key is required to decrypt the 
encrypted data when the recorded data is to be to 
reproduced by a player machine; 

• an encoding section that adds an error correc- 

* tion code to the encrypted data to form a data 
- block such that the encrypted data can be 

1 made free of a noise by an error correction is 
process of the data block using the error cor- 
rection code when the encrypted data is to be 
reproduced by the player machine; and 
a writing section that writes secret information 
containing the key and the compliant mark over 20 
the data block in the form of a noise such that 
the secret information containing the key and 
the compliant mark can be separated from the 
encrypted data by the error correction process 
performed by the player machine, thereby 25 
allowing the player machine to use the key to 
decrypt the encrypted data only if the player 
machine can detect the compliant mark from 
the separated secret information. 

30 

1 8. A recording apparatus with encrypting of data using 
a key and being capable of attaching a compliant 
mark for authenticating the data, the recording 
apparatus comprising: 

35 

a first generating section that initially generates 
a session key in a random manner; 
a second generating section that subsequently 
generates an execution key from the session 
key; 40 
an encrypting section that encrypts the data 
with the execution key before recording of the 
data such that the execution key is required to 
decrypt the encrypted data when the recorded 
data is to be reproduced by a player machine; 45 
an encoding section that adds an error correc- 
tion code to the encrypted data to form a data 
block such that the encrypted data can be 
made free of a noise by an error correction 
process of the data block using the error cor- so 
rection code when the recorded data is to be 
reproduced by the player machine; 
a third generating section that further gener- 
ates the compliant mark from the session key 
such that the compliant mark contains informa- 55 
tion of the session key; and 
a writing section that writes the compliant mark 
over the data block in the form of a noise such 



that the compliant mark can be separated from 
the data by the error correction process per- 
formed by the player machine, thereby allowing 
the player machine to restore the execution key 
from the separated compliant mark so as to 
decrypt the data only if the player machine can 
recognize the separated compliant mark. 

19. A reproducing apparatus with decrypting of data 
using a key and being capable of recognizing a 
compliant mark embedded in the data for authenti- 
cating the data, the reproducing apparatus com- 
prising: 

an input section that receives a data block com- 
posed of encrypted data and an error correc- 
tion code together with secret information 
embedded in the dada block as a separable 
noise, the secret information containing a key 
and a compliant mark; 

a decoding section that performs an error cor- 
rection process of the received data block with 
the error correction code to separate the noise 
from the encrypted data; 
a detecting section that detects the compliant 
mark from the separated noise according to 
prestored information including a machine 
identification code; 

a restoring section that restores the key from 
the separated noise using the detected compli- 
ant mark; and 

a decrypting section that decrypts the 
encrypted data by the restored key so as to 
reproduce the data. 

20. A reproducing apparatus with decrypting of 
encrypted data using a session key generated in a 
random manner, the reproducing apparatus com- 
prising: 

an input section that receives a data block com- 
posed of encrypted data and an error correc- 
tion code together with information of the 
session key embedded in the dada block as a 
separable noise; 

a decoding section that performs an error cor- 
rection process of the received data block with 
the error correction code to separate the noise 
from the encrypted data; 
a restoring section that restores the session 
key from the separated noise; and 
a decrypting section that decrypts the 
encrypted data based on the restored session 
key, 

wherein the input section receives the data 
block containing the encrypted data composed 
of a plurality of bytes arranged in a matrix of 
rows and columns, the error correction code 
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composed of first parity information used for 
performing the error correction process on the 
rows of the encrypted data and second parity 
information used for performing the error cor- 
rection process on the columns of the 
encrypted data, and the information of the ses- 
sion key composed of a plurality of bytes dis- 
tributed over the data block such that each row 
of the encrypted data contains at most one 
byte of the session key and each column of the 
encrypted data contains at most one byte of 
the session key, and 

wherein the decoding section rearranges the 
information of the session key contained in the 
separated noise into either of one row or one 
column of the bytes, and applies an error cor- 
rection process to the rearranged information 
of the session key. 

21- A machine-readable medium for use in a recording 
machine having a processor for encrypting data 
using a key and issuing a compliant mark to 
authenticate the data, the medium containing pro- 
gram instructions executable by the processor to 
cause the recording machine to perform a process 
comprising the steps of: 

encrypting the data with the key before record- 
ing of the data such that the key is required to 
decrypt the data when the recorded data is to 
be reproduced by a player machine; 
adding an error correction code to the 
encrypted data to form a data block such that 
the encrypted data can be made free of a noise 
by an error correction process of the data block 
using the error correction code when the 
encrypted data is to be reproduced by the 
player machine; and 

writing secret information containing the key 
and the compliant mark over the data block in 
the form of a noise such that the secret infor- 
mation containing the key and the compliant 
mark can be separated from the encrypted 
data by the error correction process performed 
by the player machine, thereby allowing the 
player machine to use the key to decrypt the 
encrypted data only if the player machine can 
detect the compliant mark from the separated 
noise. 

22. A machine-readable medium for use in a recording 
machine having a processor for encrypting data 
using a key and attaching a compliant mark to 
authenticate the data, the medium containing pro- 
gram instructions executable by the processor to 
cause the recording machine to perform a process 
comprising the steps of: 



initially generating a session key in a random 
manner; 

subsequently generating an execution key from 
the session key; 

s encrypting the data with the execution key 

before recording of the data such that the exe- 
cution key is required to decrypt the encrypted 
data when the recorded data is to be repro- 
duced by a player machine; 

10 adding an error correction code to the 

encrypted data to form a data block such that 
the encrypted data can be made free of a noise 
by an error correction process of the data block 
using the error correction code when the 

is recorded data is to be reproduced by the player 

machine; 

further generating the compliant mark from the 
session key such that the compliant mark con- 
tains information of the session key; and 

20 writing the compliant mark over the data block 

in the form of a noise such that the compliant 
mark can be separated from the data by the 
error correction process performed by the 
player machine, thereby allowing the player 

25 machine to restore the execution key from the 

separated compliant mark so as to decrypt the 
data only if the player machine can recognize 
the separated compliant mark, 

30 23. A machine-readable medium for use in a reproduc- 
ing machine for decrypting data using a key and 
recognizing a compliant mark embedded in the 
data to authenticate the data, the medium contain- 
ing program instructions executable by the proces- 

35 sor to cause the reproducing machine to perform a 
process comprising the steps of: 

receiving a data block composed of encrypted 
data and an error correction code together with 

40 secret information embedded in the dada block 

as a separable noise, the secret information 
containing a key and a compliant mark; 
performing an error correction process of the 
received data block with the error correction 

45 code to separate the noise from the encrypted 

data; 

detecting the compliant mark from the sepa- 
rated noise according to prestored information 
including an identification code of the reproduc- 
so ing machine; 

restoring the key from the separated noise 
using the detected compliant mark; and 
decrypting encrypted data by the restored key 
so as to reproduce the data. 

55 

24. A machine-readable medium for use in a reproduc- 
ing machine having a processor for decrypting 
encrypted data using a session key generated in a 
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random manner, the medium containing program 
instructions executable by the processor to cause 
the reproducing machine to perform a process 
comprising the steps of: 

5 

receiving a data block composed of encrypted 
data and an error correction code together with 
information of the session key embedded in the 
dada block as a separable noise; 
performing an error correction process of the 10 
- received data block with the error correction 
code to separate the noise from the encrypted 
data; 

restoring the session key from the separated 
noise, and 15 
decrypting the encrypted data based on the 
restored session key. 

wherein the step of receiving receives the data 
block containing the encrypted data composed 
of a plurality of bytes arranged in a matrix of 20 
rows and columns, the error correction code 
composed of first parity information used for 
performing the error correction process on the 
rows of the encrypted data and second parity 
information used for performing the error cor- 25 
rection process on the columns of the 
encrypted data, and the information of the ses- 
sion key composed of a plurality of bytes dis- 
tributed over the data block such that each row 
of the encrypted data contains at most one 30 
byte of the session key and each column of the 
r encrypted data contains at most one byte of 
the session key, and 

wherein the step of performing the error correc- 
tion process rearranges the information of the 35 
session key contained in the separated noise 
into either of one row or one column of the 
bytes, and applies an error correction process 
to the rearranged information of the session 
key. 40 

25. An encryption method of data using a key and 
being performed in a compliant recording machine 
issuing a compliant mark for authenticating the 
data, the encryption method comprising the steps 45 
of: 

encrypting the data before recording thereof; 
adding an error correction code to the 
encrypted data; and 50 
writing secret information containing the key 
and the compliant mark over the data block in 
the form of a noise. 
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